changes in the techniques of production; secondly, changes in output per unit of each input accounted for with partial productivity measures, and thirdly, output per unit of total input determined through total factor productivity measure. 5 Two major ways were also referred to show the effect of technological change on traditional market. Initially, technological changes has led to multiply: (i) The amount and variety of information relevant for decision making; and (ii) The possibilities and advantages of direct control over quality at the production level, and lastly the production of many agricultural commodities has become feasible in substantial amount due to technological and organisational innovations. 6 Economic impact of technological change can be observed through adoption of new techniques that further modify the cost structure or product mix and shift in demand and factors` supply curve. 
Domestic Perspective
Agriculture is the leading sectors of Pakistan's economy where Punjab province is the major contributor. The introduction of new technologies has provided an opportunity to build up high production capacity. As in Table 1 , Pakistan national average in case of Wheat and Cotton per unit land output is close to world average yield per hectare but less than China and Egypt. In case of Rice and Sugarcane, production per unit of land is comparatively very low. In Punjab, wheat yield average is almost equal to world level but more than national average, Cotton yield average is double than world, and national levels but less than China. Rice yield average is much lower than India, China, and world averages, to some extent, same applies to Sugarcane where Egyptian average is double than the world average. During 1960s introduction of mechanical tools such as tubewells and pumps lead to increase the productivity of agriculture sector in manifold. 8 During 1970s the exponential growth of tractors and then later addition of threshers and combine harvesters opened new avenues to increase the productive capacity in agriculture sector.
It is, therefore, the objective of this study is to identify how technological inputs lead to enhance the production potential per unit land area in different districts especially focusing the interactive behaviour of traditional and technological inputs. It would further help to redesign effective policies and reduce regional differences by augmenting total crop production to achieve the goals of inclusive growth effectively.
This paper is organised in such a way that Section II elaborates literature review with theoretical frame work of the study. In third section, research design, data and methodology have been discussed along with the rationality of using factor analysis. Procedure of statistical analysis with ranking and indices construction methods has also been explained in the same section. Results and limitation are interpreted in fourth and fifth sections respectively. Moreover, Section VI refers policy recommendation. Finally the last section concludes the paper.
II. LITERATURE REVIEW
A large number of renowned researchers have tried to measure and evaluate the role of technological elements in the process of economic growth and prosperity especially its relation with productive potentials in different sectors of the economy [Solow (1957); Salter (1966) ; Kuznets (1966) ; Kennedy and Thrilwall (1972) ; Sen (1975) , Carlaw, Kenneth, and Lipsey (2003) ].
9 Many others focused on the agriculture sector considering the components of technological change as a driving force of economic affluence [Kendrick (1958) ; Meiburg (1962); Schultz (1964) ; Wilbanks (1972) ; Hayami and Ruttan (1985) ; Giannakas, Schoney, and Tzouvelekas (2001)].
10 Technological change is also considered the source of most growth in productive capacity in the long run, since continued investment in capital that embodies traditional technology very quickly faces low marginal returns [Schultz (1964) ; Hayami and Ruttan (1985) ]. Some of the researchers have analysed the output differential on the basis of regions, sectors or even among inputs by considering the difference in resource endowments [Yamaguchi and Binswanger (1975) ; Adams and Bumb (1979) ; Edison Dayal (1984) Economic and Statistics, Vol. 39, No. 3, pp. 312-320: Sen, A. (1975) Geographers, Vol. 62, No. 3, Ruttan (1985); Konstantinos, et al. (2001) ; Barrett, et al. (2004) ; Tu and Deng (2005) ].
11
Therefore, the analysis of farm and non-farm related technological change is an emerging field of interest because of rapid growth in innovations, techniques and factor combinations to explore its implications for agricultural growth and development in regional perspective.
Theoretical Framework
Conventionally agricultural output can be observed through the relationship of output per hectare to traditional inputs such as labour, animal power, water and to modern inputs include fertilisers, pesticides, agricultural machinery and equipments. However, multiple other factors like education to make labour more skilful and knowledgeable, credit availability for farming activities, sources of communication that impart better techniques with least cost, as well as improved infrastructure through provision of market to farm and farm to market roads have also contributed over the long run in enhancing the crop output. Since technological inputs can be applied at different stages of production process hence divided into two forms of inputs; first one is the Mechanical or Machine-Capital inputs that can further be classified into five categories as mentioned in Table 2 . Geographers, Vol. 74, No. 1, pp. 98-123; Yamaguchi, Mitoshi., and Binswanger, Hans P. (1975) "The Role of Sectoral Technological Change in Development: Japan, 1880 -1965 Whereas, second is Bio-capital inputs that includes fertilisers and pesticides mainly. First two categories of machine capital are required during the preparation of cultivation, sowing and gestation period of crop plantation while third category of equipments and machines are needed when crops are ripened and ready for mowing. Haulage equipments are used to transport the commodities from farm to market.
The basic purpose of this study i.e., to evaluate and investigate empirically the crop sector environment under the context of new technologies and their significant impact over the output potentials of agriculture sector in different districts of PakPunjab 13 , can be hypothesised as "technological inputs are significantly contributing to enhance the level of output in crop sector by augmenting traditional inputs and even replacing them to some extent."
III. RESEARCH DESIGN AND METHODOLOGY
In agriculture, diversified variables are involved with interdependence in multiple dimensions that need to be converged into few comprehensive but legitimate dimensions, which is possible through multivariate techniques such as 'component analysis' that helps to establish correlation among different independent input-variables.
14 This method identifies those sets of variables which may explain major part of the variation out of total variance in output mostly referred as 'principal component factors', resultantly all the variables can be apportioned among these principal components on the basis of their respective associations with each other. Secondly, as a by product, factor scores are derived during the construction of principal components which can further be used to develop comprehensive scores applied here to assign the ranks to the respective unit of analysis i.e., districts.
Data
Data is collected from various publication issued by Government of the Punjab and its respective departments. 15 This study has focused complete set of thirty five years period , which has been segmented into seven phases each covered averages of five years data. However, two phases (first and last one) have been selected for ranking purpose then indices are constructed for all seven phases considering the first phase as base period.
12 This category has not been considered effectively in analysis: firstly it has emerged in the final phase only with trivial figures not allowing to use it for comparative analysis; secondly, it contained the equipments related to seed which was not included in this study.
13 Four major crops are focused only including wheat, rice, cotton and sugarcane. Crop output capacity is measured for each individual crop independently as well as jointly by using their respective yield and area sown for that purpose in each district.
14 Principal Component (Factor) Analysis has been applied to measure agricultural performance and to develop socio-economic-status indices in different researches [Banks (1954) ; Adams and Bumb (1979); Brook, et al. (1986) ; PERI (1998 PERI ( , 2001 ; Sahn and Stifel (2003) ; and Vyas and Kumaranayake (2006) 
Evaluation Factor System: Rational
There are three main reasons that ensure the originality of data in factor analysis procedure.
(i) It incorporates regional differentiations: since different districts of Punjab contains complicated land forms with uneven climatic situations that leads to establish basic differences in crop production environment. (ii) It integrates systematic interdependencies: agriculture contains different subsystems where some factors dominate the others along with socio-economicenvironmental influences. (iii) It congregates the multidimensional relations of agricultural inputs into few specific dimensions without loss of originality of data to ascertain the simplified understanding of a complicated system.
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On the basis of above stated reasons four subsystems are selected to establish factor evaluation system. These are:
-Land Usage: primarily includes land use intensity, land use pattern, cropping intensity, irrigation, rainfall and cropping pattern. -Technological Capital: levelling and cultivating equipments, sowing, fertilising and spraying equipments, tractors, fertiliser, plant protection, harvesting equipments and haulage equipments and vehicles. -Labour Powers: consists of farm labour force, and animal power. 
Statistical Analysis
To calculate comprehensive scores for each selected district, factor analysis technique is applied in the given stepwise procedure: 17 First step leads to determine the standardised factor matrix with ivariables and jdistricts (i = 1, 2, ……20 and j = 1, 2, ….34). Second step is to calculate the characteristic vector, unit characteristic vector and variance contribution percentage. Selected number of principal component (n) is determined by accumulated contribution percentage, which should be more than 85 percent. Third step is to determine factor loading matrix and then rotate it to explain principal factors. Fourth step involves the calculation of score for each principal component F ij (where i = 1,2….n, and j = 1,2,…34). Fifth step is to calculate comprehensive score for each case, and then convert them into percentage and arrange in order.
16 Tu and Deng (2005) , p. 245. 17 Tu and Deng (2005) , p. 249; factor analysis has been performed through SPSS.
Where i = 1,2,…n, j = 1,2, …34, W j is the variance contribution percentage of principal component in districts j.
After computation, the results are derived which explain the accumulated variance contribution percentage of four principal components F 1 to F 4 mounted to 85.027 percent. Therefore, their percentage variance contribution is determined as weight for calculating comprehensive score for each case. In order to arrange the sequence, each score has been converted into percentage. On the basis of this comprehensive score all districts are ranked in both selected phases.
After assigning the ranks to each district in two selected phases, all seven phases are used to construct simple weighted indices on the basis of the same variables as already employed for ranking purpose.
18 These indices help to cluster the variables to comprehend the patterns of changing share in total crop output. First phase (1971-75) is considered as base period (=100) to develop the indices. Comparison among selected districts on the basis of these indices has been performed from second phase (1976-80) onwards.
Construction of Indices
Different indices are constructed for each selected district. Each index contained group of variables on the basis of their attributes. The procedure is given in four main steps:
Step -I: index values are measured for each individual variable by assuming first phase (1971-75) as a base period.
Step -II: weights are calculated for each individual variable included in the respective index on the basis of given technique: Step -IV: for each respective i-th phase, proportional contribution (PC i ) of each input index into total crop out is calculated by using Crop Output Index (COI i ) to observe the various patterns over the time with the help of the formula mentioned below: Since multiple variables are used to develop different indices and each respective index reflects a particular dimension as well as includes different number of variables therefore to make values of each index comparable its respective value is divided by respective number of variables.
IV. RESULTS AND ANALYSIS
Initially, nineteen districts are ranked in the first phase of analysis, but in the final seventh phase, thirty four cities have actually attained the status of district (see Tables 4 and 5 in Appendix A). Hence only nineteen previously established districts are focused for analysis to compatibility in comparison. The primary purpose of assigning different ranks to the respective districts is to explore the potentials and contribution in overall crop production in the Punjab province, which might be the outcome of advance technology in terms of application of mechanical and bio-chemical inputs. Results obtained through ranking procedure provided the foundation to compare and analyse the different districts by selecting four each from top and low ranks, and one more selected as a special case to analyse their typical performance with respect to their differences in input-combination and allocation by considering resultant impact over the crop production. Four selected high ranked districts are Lahore, Gujranwala, Sahiwal and Faisalabad, whereas four at bottom include Dera Ghazi (DG) Khan, Mianwali, Muzaffargarh and Gujrat. Districts Rahim Yar (RY) Khan has been considered as special case because it performed very well and improved its rank from 11th out of 19 to 2nd out of 34 districts in respective phases.
Output Indices
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In these selected nine districts of the Punjab, seven districts have demonstrated a continuous upward growth in crop production as measured through Crop Output Index (COI). The upward growth pattern is more consistent in case of Lahore, Gujranwala and Sahiwal, however, in case of Faisalabad it remains inconsistent and during the last phase even declining trend has been observed perhaps causing very small adverse impact on the ranking status of this district. Low ranked districts like Dera Ghazi Khan and Mianwali could not maintain higher crop output levels consistently over the study period.
Input Indices
It is observed in case of all the selected districts that Power Resource Index (PRI) has slowly but consistently declined over the years, revealing the fact that chiefly most of the technological inputs applied in agricultural farming activities have increased the supply of physical power and speed to complete a piece of job in cultivation, harvesting and haulage process. Further, bio-chemical inputs that are used to compensate the deficiencies and helped to revive the vitality and fertility in farm land areas ensure enhanced potentials of crop output per unit land.
Further analysis also revealed that in most of the districts the use of traditional inputs have either declined or remained stagnant over time at a very small scale of contribution. In case of Lahore, Faisalabad and Gujranwala districts, some of the traditional inputs have grown with small proportional shares. However, in Lahore as a top ranked district, Technological Capital Index (TCI) shared in small proportions but Bio-Chemical Index along with Water Resource Index (WRI) and Land Crop Composition Index (LCCI) has significantly contributed in total provincial crop production. It strengthened the fact that growth in traditional inputs is also required to augmenting the crop output in some districts.
District-wise Analysis
Each selected district is now individually analysed with reference to the behaviour of input as reflected through traditional inputs indices WRI, LCCI, IDI, PRI, and more advanced and technological input indices TCI, and BCI.
High Ranked Districts
District Lahore
The proportional contribution of BCI is significantly higher than other input indices, which is a sign of deteriorating land quality. Rising proportions of Water Resource Index is strengthening this argument as well. Land composition remained as an important factor in comparison to mechanical technology instruments. However, both technological input indices together consist of about 55 percent of total inputs contribution in overall crop production as reflected by Crop Output Index (COI) which has increased up to 56 percent from already higher level of 30 percentage points to 47 percentage points. 
District Gujranwala
In case of Gujranwala, the growth in Crop Output Index is about 58 percent points because technological inputs contributed in a more significant manner. TCI and BCI together increased from 68 percent to 74 percent and make it obvious that traditional inputs are responsible for one fourth of the total change in crop output only. Here, BCI contributed lesser than TCI, reason may be the better natural conditions in this district which have successfully prevented the quality of land from deteriorating. To some extent growth patterns of crop output just followed the pattern of TCI. Another important element is the infrastructural improvements that are quite visible in the last phase of the study may elaborate that it is possible to boost up the crop output by increasing infrastructural facilities even if technological and traditional inputs failed to continue their pace of growth.
District Sahiwal
Technological inputs indices started to grow rapidly but traditional input indices declined over the study period. Crop Output Index has followed the pattern of BioChemical Index that has shown significant contribution. A consistent but decelerating rise has been observed in Technological Capital Index as well. Crop Output Index has grown from 23 percentage points to 53 percentage points that reflects a pronounced growth of 132 percent over the study period. The technological inputs have eventually contributed up to 86 percent from 52 percent in the beginning. 
District Faisalabad
Cyclical behaviour in growth patterns of crop output has been observed in Faisalabad district. In the initial two phases, second and third, bio-chemical index has shown rapid rising pace that reverted back in the fourth phase but again slowly came back towards higher levels in the last two phases. A continuous rise has been observed in technological capital index from third phase up to the sixth phase afterward it declined. However, traditional input indices picked higher growth rates but failed to resist the downward trends in crop output especially during fifth and seventh phases which endorsed their ineffectiveness. Crop output index has grown up to 53 percent points perhaps ensure the higher rank for this district. Another, important observation is the growing trends of traditional inputs categorically in the last phase along with downward trends of technological inputs and crop output. This demonstrates that only the technological inputs are augmenting the production process otherwise increasing traditional inputs are not so vibrant in this regard at least in Faisalabad district. Now it can be concluded that even the growth reflected by crop output index in most of the districts is close to 55 percent points on average except Sahiwal, but the important aspect is the steady growth of technological inputs specifically bio-chemical inputs, which can be considered as important factor to increase crop output.
Low Ranked Districts
District Dera Ghazi Khan
In D.G. Khan, from 3rd to 6th phases crop production exhibited rising growth patterns but in seventh phase, this trend reverted downwards. Again, like other districts traditional input indices either remain stagnant or grown very slowly while technological input indices have grown as a whole with inconsistent behaviour. Here crop output index has followed the trend determined by technological capital index up to fifth phase then onwards COI pattern has switched to BCI. Reason may be that the decline in TCI has been compensated by rise in BCI during sixth phase. However, in final phase both BCI and TCI are responsible for significant decline in crop output index because traditional inputs indices remain stagnant. 
District Mianwali
In case of Mianwali district, TCI continued to grow up to end of fifth phase then it declined, whereas BCI slowly increased initially but move down later. Growing trends in crop output index continued to increase upward with decreasing rate until the end of fifth phase then fell down. Hence, as a whole in this district, it is obvious that only combination both types of technological inputs can set the pattern of change in the crop output.
District Gujrat
Crop output index has followed approximately the growth patterns of biochemical input index. However, low level of BCI with inconsistent pattern has caused some disturbances in the growing behaviour of crop out index. Nevertheless, it strengthened the argument that at least one of the technological input must increase to augment the crop production because consistent rise in TCI from third phase onwards has maintained COI at higher levels. 
District Muzaffargarh
In this district, 108 percent point drastic increase in crop output has been observed with inconsistent and skewed manner. Actually from second phase to sixth phase 20 percent points improvement has occurred only, but a drastic rise up to 73 percent points has been observed during the final seventh phase. In most phases, crop output index generally followed the technological capital index trends without getting influence from opposite trends in biochemical inputs` index. During the last seventh phase both types of technological inputs has grown perhaps to complement each other along with a little improvement in traditional input indices implanting the boost in crop output.
It can be concluded that the greater proportional contribution of technological inputs are necessary to enhance the production capacity but not just sufficient. The persistent growth in both type of technological inputs or at least in one of them, which suits the particular district most, is indispensable to ensure continuous growth in crop out put.
Special Cases
District Rahim Yar Khan: The Achiever
This district showed a significant and consistent growth in crop output index that is 78 percentage points. Both TCI and BCI contributed jointly to enhance the levels of output in this district. TCI has declined during initial two phases but compensated due to exorbitant growth in Biochemical input index during the same era. From sixth phase onwards, COI followed the pattern set by BCI but continue to grow slowly due to positive growth in TCI that remained successful to nullify some of the negative impacts of BCI on COI. 
Rahim Yar Khan
V. LIMITATIONS OF ANALYSIS
Some limitations are observed during data collection such as: (i) Rainfall data was available only for selected stations on one time basis which has been replicated over the selected time phases in other districts as well on the basis of propinquity, (ii) Communication is measured through licensing that reduces over the time in number due to the reasons beyond the scope of this paper which may contradict the actual scenario. (iii) 'Credit' as a part of "Infrastructural Development Index" kept outside the Index even though it is used for ranking procedure because when "Credit" employed in infrastructural index it has overlapped all other indices due to huge proportional rise in monetary amount that might be because of decreased value of money over time. Secondly, the total number of technological machine input available in each district is assumed as the proxy to reflect the application of these inputs in the same district in each respective phase. Thirdly, all districts cannot be focused for analysis by assuming that selected districts are able to explore and identify those aspects that lead to create output differences among the districts.
VI. RECOMMENDATION AND POLICY IMPLICATIONS
Now it is suggested that mainly total availability of technological inputs per unit area of land should be increased in about all the districts especially in low ranked on priority basis where declining trends have been observed specifically during recent phases. Further, it should be ensured that the expansion in use of these technological inputs must be consistent and growing over the time with the objective to obtain optimal factor-input combinations in the long run to ensure the consistency in the crop output over the years. Shift of dependence from traditional inputs towards technological inputs, after achieving a critical level of their application, need to be augmented through better allocation of both traditional and technological resources in crop sector in the Punjab province.
These results are important for policy measure to follow the goals of inclusive growth in terms of reduction in regional growth potentials and provision of opportunities to contribute in overall growth process such as: (a) balance growth can be achieved to the extent of the potentials available in different districts along with the prospective reduction in regional disparities; and (b) greater proportions of agricultural resources be used to provide technological inputs to poor farmers.
VII. CONCLUSION
It is concluded that ranking procedure has strengthened by this fact that higher ranks are achieved by those districts where (i) crop production levels remained higher than others; (ii) traditional inputs are supported by technological inputs; and (iii) applied technological inputs have consistently grown in number. Secondly, in most of the cases, crop output has grown with the same pace and direction as determined by those technological inputs. This fact provides the evidence that technological inputs have now become the essential part of the crop production activities. The evidence of successive growth of these inputs also get support from previously conducted study as in Bangladesh where it has been observed that contribution of mechanical power has raised to 52 percent in 2000 from 11 percent in 1980.
20 On the basis of above analysis it can be concluded that traditional inputs, no doubt, are important and necessary for crop output but over the time their role and contribution is diminishing up to some critical extent whereas the role and share of technological inputs is expanding over the time. As supported by the United States Department of Agriculture Economic Research Service (USDA) in economic brief where it is reported that crop (corn) yield has increased through greater use of agricultural inputs such as more fertilisers and machinery per unit of land.
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If high ranked districts are compared with low ranked districts then it is evident that firstly, consistency in provision and growth of both types of technological inputs is essential to reduce the districtwise differences in crop output, secondly, traditional inputs-especially infrastructural and water related-need to be increased as well in some cases. Thirdly the objectives of inclusive growth can only be achieved if low ranked districts are provided the opportunities to apply technological inputs with the equal proportions as are used in high ranked districts but with more consistent and rising pace over the long run. 
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